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PPARγ + PPRE ⇌
K00,10
PPARγ :PPRE K00,10 =
[PPARγ :PPRE]
[PPARγ ][PPRE]
PPARγ + RxRα ⇌
KD1
PPARγ :RxRα KD1 =
[PPARγ :RxRα ]
[PPARγ ][RxRα ]
RxRα + RxRα ⇌
KD2
RxRα :RxRα KD2 =
[RxRα :RxRα ]
[RxRα ][RxRα ]
RxRα + PPRE ⇌
K00,20
RxRα :PPRE K00,20 =
[RxRα :PPRE]
[RxRα ][PPRE]
PPRE + RxRα ⇌
K00,02
PPRE :RxRα K00,02 =
[PPRE :RxRα ]
[PPRE][RxRα ]
PPARγ :PPRE + RxRα ⇌
K10,12
PPARγ :PPRE :RxRα K10,12 =
[PPARγ :PPRE :RxRα ]
[PPARγ :PPRE][RxRα ]
PPARγ + PPRE :RxRα ⇌
K02,12
PPARγ :PPRE :RxRα K02,12 =
[PPARγ :PPRE :RxRα ]
[PPARγ ][PPRE :RxRα ]
PPARγ :RxRα + PPRE ⇌
K00,12
PPARγ :PPRE :RxRα K00,12 =
[PPARγ :PPRE :RxRα ]
[PPARγ :RxRα ][PPRE]
RxRα :PPRE + RxRα ⇌
K20,22
RxRα :PPRE :RxRα K20,22 =
[RxRα :PPRE :RxRα ]
[RxRα :PPRE][RxRα ]
RxRα + PPRE :RxRα ⇌
K02,22
RxRα :PPRE :RxRα K02,22 =
[RxRα :PPRE :RxRα ]
[RxRα ][RxRα :PPRE]
RxRα :RxRα + PPRE ⇌
K00,22
RxRα :PPRE :RxRα K00,22 =
[RxRα :PPRE :RxRα ]
[RxRα :RxRα ][PPRE]
PPARγ + RxRα :PPRE⇌
KD1
PPARγ :RxRα :PPRE KD1 =
[PPARγ :RxRα :PPRE]
[PPARγ ][RxRα :PPRE]
PPARγ :RxRα + PPRE⇌
KD2
PPARγ :RxRα :PPRE KD2 =
[PPARγ :RxRα :PPRE]
[PPARγ :RxRα ][PPRE]
PPRE + PPARγ :RxRα ⇌
KD1
PPRE :RxRα :PPARγ KD1 =
[PPRE :RxRα :PPARγ ]
[PPRE][PPARγ :RxRα ]
PPRE :RxRα + PPARγ ⇌
KD1
PPRE :RxRα :PPARγ KD1 =
[PPRE :RxRα :PPARγ ]
[PPARγ ][PPRE :RxRα ]
PPRE :RxRα + RxRα ⇌
KD2
PPRE :RxRα :RxRα KD2 =
[PPRE :RxRα :RxRα ]
[PPRE][RxRα :RxRα ]
PPARγ :PPRE + RxRα ⇌
KD1
RxRα :PPARγ :PPRE KD2 =
[PPRE :RxRα :RxRα ]
[PPRE :RxRα ][RxRα ]
RxRα :RxRα + PPRE ⇌
K00,20
PPRE :RxRα :RxRα K00,20 =
[RxRα :RxRα :PPRE]
[RxRα :RxRα ][PPRE]
RxRα + RxRα :PPRE⇌
KD2
RxRα :RxRα :PPRE KD2 =
[RxRα :RxRα :PPRE]
[RxRα ][RxRα :PPRE]
PPARγ :RxRα + PPRE ⇌
K00,10
RxRα :PPARγ :PPRE K00,10 =
[RxRα :PPARγ :PPRE]
[PPARγ :RxRα ][PPRE]
PPARγ :PPRE + RxRα ⇌
KD1
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= ks,Xi [mi ]− kd ,Xi [Xi ]− q Ki, j ,[Xi ],[X j ]( )
j∈Qi
∑  89
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 q Ki, j ,[Xi ],[X j ]( ) = kf [Xi ][X j ]− [Xi :X j ] /Ki, j( )  89
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 vIN = vmax,IN
[Asext ]− [Asint ]
[Asext ]+ [Asint ]+ KM-GlpF
= [GlpF]kcat,GlpF
[Asext ]− [Asint ]
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P → P +mR
mR→ mR + R














































 P(τ ) = a exp(−aτ )  (	
5 





































∅ → mArsR-EGFP ArsR2 + As ⇌ ArsR2:As U + ArsR2 ⇌U:ArsR2 ArsR2:As→ As
∅ → mArsR ArsR2:As + As ⇌ ArsR2:As2 U + ArsR2:As ⇌U:ArsR2:As ArsR2:As2 → 2As
mArsR → mArsR + ArsR O1 + ArsR2:As ⇌O1:ArsR2:As U + ArsR2:As2 ⇌U:ArsR2:As2 EGFP → ∅
mArsR-EGFP → mArsR-EGFP + EGFP O2 + ArsR2:As ⇌O2:ArsR2:As mArsR → ∅ EGFP → EGFP*
ArsR + ArsR⇌ ArsR2 O1 + ArsR2:As2 ⇌O1:ArsR2:As2 mArsR-EGFP → ∅ EGFP* → ∅
O1 + ArsR2 ⇌O1:ArsR2 O2 + ArsR2:As2 ⇌O2:ArsR2:As2 ArsR→ ∅ Asext → As
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3307 E. coli MG1655 pAAUN [23] 
3316 E. coli MG1655 ∆arsRBC pPR-arsR-ABS This study 
3328 E. coli MG1655 pPR-arsR-ABS This study 
3333 E. coli MG1655 ∆arsBC pPR-arsR-ABS This study 
3391 E. coli MG1655 ∆arsRBC pAAUN This study 
3392 E. coli MG1655 ∆arsBC pAAUN This study 
4758 E. coli MG1655 ∆arsRBC pPRK12 This study 
4759 E. coli MG1655 ∆arsBC pPRK12 This study 
4760 E. coli MG1655 pPRK12 This study 
4761 E. coli MG1655 ∆arsRBC pAAK12 This study 
4762 E. coli MG1655 ∆arsBC pAAK12 This study 
















































































































































































































































































































































































































































































































































































































































































































Construction of the mathematical model 
 
The systems of ordinary differential equations (ODE) 
df
dt
 for the different strains are obtained by multiplication of 
the stoichiometric matrix S (Table 3.9) by the fluxes v = [v1 … v104 ]T  (Table 3.8), i.e. dfdt = Sv . The different cir-
cuits and deletions are obtained by applying the Table 3.7. Heterodimer binding energies are obtained from the aver-
age free energy of binding of the homodimers, e.g. KA2
xp







Feedback (FB)    Plasmid (p) Chromosome (x) 
  ∆arsRBC v36 , … , v104 = 0  R773  
 pPR-arsR-ABS ∆arsBC v102 , … , v104 = 0  R773 K12 
  WT  R773 K12 
  ∆arsRBC v36 , … , v104 = 0  K12  
 pPRK12 ∆arsBC v102 , … , v104 = 0  K12 K12 
  WT  K12 K12 
Uncoupled (UN)  
 
In UN circuits:
v1 = ks,mArsRPAA [gp ]     
and               
v6 = 0 . 
 ∆arsRBC v36 , … , v104 = 0  R773  
pAAUN ∆arsBC v102 , … , v104 = 0  R773 K12 
 WT  R773 K12 
 ∆arsRBC v36 , … , v104 = 0  K12  
pAAK12 ∆arsBC v102 , … , v104 = 0  K12 K12 



















v10 = ks,mArsR fABSp 1− fABSp( )[gp ]
v20 = ks,mArsR fABSp( )2 [gp ]
v30 = ks,EGFP[mArsR-EGFP ]
v40 = kmat,EGFP[EGFP]
v50 = ks,ArsR[mArsRp ]
v60 = ks,ArsR[mArsR-EGFP ]
v70 = k f[ArsRp ]2
v80 = k f[ArsR2p ] / KHp
v90 = k f[ArsRp ][As]
v10 = k f[ArsR2p:As] / KC1p
v11 = k f[ArsRp:As][As]
v12 = k f[ArsR2p:As2 ] / KC2p
v13 = k f[ArsR2p ][ABSp ]
v14 = k f[ABSp:ArsR2p ] / KA2p
v15 = k f[ArsR2p:As][ABSp ]
v16 = k f[ABSp:ArsR2p:As] / KD1p
v17 = k f[ArsR2p:As2 ][ABSp ]
v18 = k f[ABSp:ArsR2p:As2 ] / KD2p
v19 = k f[ArsRp ][U]
v20 = k f[U:ArsRp ] / KB1p
v21 = k f[ArsR2p ][U]
v22 = k f[U:ArsR2p ] / KB2p
v23 = k f[ArsR2p:As][U]
v24 = k f[U:ArsR2p:As] / KE1p
v25 = k f[ArsR2p:As2 ][U]
v26 = k f[U:ArsR2p:As2 ] / KE2p
v27 = kd,mArsR[mArsRp ]
v28 = kd,m-ArsR-EGFP[mArsR-EGFP ]
v29 = kd,EGFP[EGFP]
v30 = kd,EGFP[EGFP*]
v31 = kd,ArsR[ArsRp ]
v32 = 1/2kd,ArsR[ArsR2p ]
v33 = 1/2kd,ArsR[ArsR2p:As]
v34 = 1/2kd,ArsR[ArsR2p:As2 ]
v35 = [GlpF]
kcat,GlpF Asext − As( )
Asext + As +
2kcat,GlpF
k f
v36 = ks,mArsR fABSx
v37 = ks,ArsR[mArsRx ]
v38 = k f[ArsRx ]2
v39 = k f[ArsR2x ] / KHx
v40 = k f[ArsR2x ][As]
v41 = k f[ArsR2x:As] / KC1x
v42 = k f[ArsRx:As][As]
v43 = k f[ArsR2x:As2 ] / KC2x
v44 = k f[ArsR2x ][ABSx ]
v45 = k f[ABSx:ArsR2x ] / KA2x
v46 = k f[ArsR2x:As][ABSx ]
v47 = k f[ABSx:ArsR2x:As] / KD1x
v48 = k f[ArsR2x:As2 ][ABSx ]
v49 = k f[ABSx:ArsR2x:As2 ] / KD2x
v50 = kd,mArsR[mArsRx ]
v51 = kd,ArsR[ArsRx ]
v52 = 1/2kd,ArsR[ArsR2x ]
v53 = 1/2kd,ArsR[ArsR2x:As]
v54 = 1/2kd,ArsR[ArsR2x:As2 ]
v55 = k f[ABSx ][ArsR2p ]
v56 = k f[ABSx:ArsR2p ] / KA2p
v57 = k f[ABSx ][ArsR2p:As]
v58 = k f[ABSx:ArsR2p:As] / KD1p
v59 = k f[ABSx ][ArsR2p:As2 ]
v60 = k f[ABSx:ArsR2p:As2 ] / KD2p
v61 = k f[ABSp ][ArsR2x ]
v62 = k f[ABSp:ArsR2x ] / KA2x
v63 = k f[ABSp ][ArsR2x:As]
v64 = k f[ABSp:ArsR2x:As] / KD1x
v65 = k f[ABSp ][ArsR2x:As2 ]
v66 = k f[ABSp:ArsR2x:As2 ] / KD1x
v67 = k f[ArsRx ][ArsRp ]
v68 = k f[ArsR2xp ] / KHxp
v69 = k f[ArsR2xp ][As]
v70 = k f[ArsR2xp:As] / KC1xp
v71 = k f[ArsR2xp:As][As]
v72 = k f[ArsR2xp:As] / KC2xp
v73 = k f[ABSx ][ArsR2xp ]
v74 = k f[ABSx:ArsR2xp ] / KA2xp
v75 = k f[ABSx ][ArsR2xp:As]
v76 = k f[ABSx:ArsR2xp:As] / KD1xp
v77 = k f[ABSx ][ArsR2xp:As2 ]
v78 = k f[ABSx:ArsR2xp:As2 ] / KD2xp
v79 = k f[ABSp ][ArsR2xp ]
v80 = k f[ABSp:ArsR2xp ] / KA2xp
v81 = k f[ABSp ][ArsR2xp:As]
v82 = k f[ABSp:ArsR2xp:As] / KD1xp
v83 = k f[ABSp ][ArsR2xp:As2 ]
v84 = k f[ABSp:ArsR2xp:As2 ] / KD2xp
v85 = k f[ArsR2xp ][U]
v86 = k f[U:ArsR2xp ] / KB2xp
v87 = k f[ArsR2xp:As][U]
v88 = k f[U:ArsR2xp:As] / KE1xp
v89 = k f[ArsR2xp:As2 ][U]
v90 = k f[U:ArsR2xp:As2 ] / KE2xp
v91 = k f[ArsRx ][U]
v92 = k f[U:ArsRx ] / KB1x
v93 = k f[ArsR2x ][U]
v94 = k f[U:ArsR2x ] / KB2x
v95 = k f[U][ArsR2x:As]
v96 = k f[U:ArsR2x:As] / KE1x
v97 = k f[ArsR2x:As2 ][U]
v98 = k f[U:ArsR2x:As2 ] / KE2x
v99 = 1/2kd,ArsR[ArsR2xp ]
v100 = 1/2kd,ArsR[ArsR2xp:As]
v101 = 1/2kd,ArsR[ArsR2xp:As2 ]
v102 = 1/3ks,ArsR[mArsRx ]


















































































































































































































































































































































































































































































































































































































































































































































































































































































































Query: P15905, ArsR R773 
Sbjct: AAC76526, ArsR Escherichia coli str. K-12 substr. MG1655 
 
Score =   185 bits (469),  Expect = 1e-65, Method: Compositional matrix adjust. 
 Identities = 87/113 (77%), Positives = 99/113 (88%), Gaps = 0/113 (0%) 
 
Query  4    LTPLQLFKNLSDETRLGIVLLLREMGELCVCDLCMALDQSQPKISRHLAMLRESGILLDR  63 
            L P+QLFK L+DETRLGIVLLL E+GELCVCDLC ALDQSQPKISRHLA+LRESG+LLDR 
Sbjct  4    LLPIQLFKILADETRLGIVLLLSELGELCVCDLCTALDQSQPKISRHLALLRESGLLLDR  63 
 
Query  64   KQGKWVHYRLSPHIPSWAAQIIEQAWLSQQDDVQVIARKLASVNCSGSSKAVC  116 
            KQGKWVHYRLSPHIP+WAA+II++AW  +Q+ VQ I R LA  NCSG SK +C 
Sbjct  64   KQGKWVHYRLSPHIPAWAAKIIDEAWRCEQEKVQAIVRNLARQNCSGDSKNIC  116 
 
BLASTN + manual upstream start site 
 
Alignment statistics for match #1 
Score Expect Identities 
230 bits(254) 2e-60 272/367(74%) 
 
>gi|42716|emb|X16045.1|:1-512 E. coli R-factor R773 arsR gene 
>gi|545778205|gb|U00096.3|:3648400-3648914  Escherichia coli str. K-12 substr. 
MG1655, complete genome 
 
Query  1        ----GAATT-CCAAGTTA--TCTCACCTACCT-TAAGGTAATAGTGT  39 
                    ::::  :::: : :    ::::  :::: : :  :       
Sbjct  3648400  AAATGAATAGCCAACTCAAAATTCAC--ACCTATTACCTTCCTCT 
 
                     ArsR binding site           -35                  -10   
Query  40       GATTAATCATATGCGTTTTTGGTTATGTGTTGTTTGACTTAATATCAGAGCCGAGAGATA  99 
                : :    :: :: ::::      ::: :::: :::::::::    :   :  :::::: : 
Sbjct  3648442  GCACTTACACATTCGTTAAGTCATATATGTT-TTTGACTTATCCGCTTCGAAGAGAGACA 
 
Query  100      CTTGTTTTCTACAAA--GGAGAGGGAAATGTTGCAACTAACACCACTTCAGTTATTTAAA  
145 
                ::        ::::   :::: :  : |||             || ||| ||||   |   
Sbjct  3648502  CTACCTGC-AACAATCAGGAGCGCAATATG------------TCATTTCTGTTACCCATC   
 
Query  146      CAGTTATTTAAAAACCTGTCCGATGAAACCCGTTTGGGTATCGTGTTGTTGCTCAGGGAG  
205 
 
                || || || ||||  ||  | |||||||||||| |||| ||||| ||  ||||||| ||  
Sbjct  3648549  CAATTGTTCAAAATTCTTGCTGATGAAACCCGTCTGGGCATCGTTTTACTGCTCAGCGAA   
 
Query  206      ATGGGAGAGTTGTGCGTGTGTGATCTTTGCATGGCACTGGATCAATCACAGCCCAAAATA  
265 
                 |||||||||| ||||| || ||||| ||||  || || || || || |||||||| ||  
Sbjct  3648609  CTGGGAGAGTTATGCGTCTGCGATCTCTGCACTGCTCTCGACCAGTCGCAGCCCAAGATC   
 
Query  266      TCCCGTCATCTGGCGATGCTACGGGAAAGTGGAATCCTTCTGGATCGTAAACAGGGAAAA  
325 
                ||||| || |||||  |||| || ||||| ||  |  | ||||| || || || || ||  
Sbjct  3648669  TCCCGCCACCTGGCATTGCTGCGTGAAAGCGGGCTATTGCTGGACCGCAAGCAAGGTAAG   
 
Query  326      TGGGTTCACTACCGCTTATCACCGCATATTCCTTCATGGGCTGCCCAGATTATTGAGCAG  
385 
                |||||||| |||||||||||||||||||||||  ||||||| ||  | ||||||||  || 
Sbjct  3648729  TGGGTTCATTACCGCTTATCACCGCATATTCCAGCATGGGCGGCGAAAATTATTGATGAG   
 
Query  386      GCCTGGTTAAGCCAACAGGACGACGTTCAGGTCATCGCACGCAAGCTGGCTTCAGTTAAC  
445 
                ||||||  | |  |||||||  | |||||||  || |  ||||| ||||||  |   ||| 
Sbjct  3648789  GCCTGGCGATGTGAACAGGAAAAGGTTCAGGCGATTGTCCGCAACCTGGCTCGACAAAAC   
 
Query  446      TGCTCCGGTAGCAGTAAGGCTGTCTGCATCTAAAAAATTTGCCTGAACATATATGTTTTA  
505 
                || |||||   |||||||    | ||||  | ||||||||  || |||| |||||  ||  
Sbjct  3648849  TGTTCCGGGGACAGTAAGAACATTTGCA-GTTAAAAATTTAGCTAAACACATATGAATTT   
 
Query  506      TCAAATG  
                ||| ||| 
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atc = 10 g/L
ArsR
TetR
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